Inspired from the experimental information coming from LHC [2, 3] and Babar [4] for radially higher excited charmed mesons, we predict the masses and decays of the n=2 S-wave and Pwave bottom mesons using the effective lagrangian approach. Using heavy quark effective theory approach, non-perturbative parameters (Λ, λ 1 and λ 2 ) are fitted using the available experimental and theoretical informations on charm masses. Using heavy quark symmetry and the values of these fitted parameters, the masses of radially excited even and odd parity bottom mesons with and without strangness are predicted. These predicted masses led in constraining the decay widths of these 12 states, and also shed light on the unknown values of the higher hadronic coupling constants g 2 SH and g 2 T H . Studying the properties like masses, decays of 2S and 2P states and some hadronic couplings would help forthcoming experiments to look into these states in future.
Introduction
In the past decade, many new discoveries have filled the spectroscopy of charmed and bottom mesons. Recent discovery in 2015, by LHCb collaboration on bottom states [1] diverts theorists interest towards the study of bottom sector. Observing the bottom spectroscopy, it is realized that unlike the success in charm sector, the experimental information for bottom sector is missing. Till now experimental information available on bottom mesons is only for n=1 ground and excited state only which is as shown in Table 1 [5] .
New resonances B(5970) + and B(5970) 0 are found in the mass distribution of B 0 π + and B + π − respectively. Masses and decay widths of these resonances as predicted by CDF collaboration [6] [5] . States with * have been experimentally observed, but still their accurate J P is yet to be assigned.
Since the resonances decay in Bπ final states, they are expected to have natural spin-parity states which is still to be confirmed. Many theorists suggest this state to be B * (2 3 S 1 ) [11, 12] . Li-Ye Xio using chiral quark model suggests it to be 1 3 D 3 bottom state [13] . And the B J (5840) state reported by LHCb [1] is suggested to fill the B(2 1 S 0 ) state with Γ(B J (5840)) =175.9 MeV and M (B J (5840)) = 5857 MeV [14] . Many theoretical predictions on the masses and the decay widths of bottom and charm mesons have been made [15] [16] [17] [18] [19] . These predictions are based on various models like constituent quark model [15] , pseudo-scalar emission model [16] , chiral quark model [17] , 3 P 0 model [18] , heavy quark effective theory [19] etc. But these different theoretical predictions are not uniform as these different models uses different parameters to predict the masses of various states. As in the non relativistic quark model, Hamiltonian is introduced which includes various input parameters like r (the separation between the two quarks), σ, α s , µ, γ E etc. As all these are theoretical parameters, so its different input values generates different mass spectra. And in the framework of HQET, most of the prediction on masses and the strong decay widths is available for n=1 states. Information on masses and decays about the higher states n=2 for strange and non strange sector is not known clearly due to the presence of extra couplings of the higher orders. Observing the Table 1 , We are motivated to compute the higher states masses of the spectrum so that we can predict their decay widths and then can put some constrain on higher hadronic couplings. In this paper, we made the prediction for masses for n=2 strange and non-strange bottom and charm mesons for H, S and T fields using the HQET as our model.
HQET provides heavy-light meson mass prediction in terms of few unknown QCD non-perturbative parameters at a given order of Where D µ ≡ ∂ µ − igA µ . As the interaction of this heavy quark with light degree of freedom is through the exchange of soft gluons, which is much smaller than the m Q , so heavy quark momentum p Q is
In this m Q v µ is the kinetic momentum which comes from the mesons's motion and k µ represents the residual momentum which is of the order of Λ QCD . In the m Q → ∞ limit, redefining new heavy quark field h v (x), such that it is related to the original field Q(x) by
Field h v (x) satisfies
From these relations equation 1 can be reduced to
This lagrangian is invariant under both flavor and spin spin symmetry, since it is independent of heavy quark mass m Q and the − → γ matrix respectively. Applying finite heavy quark mass corrections, HQET lagrangian to order of 1/m Q is
Where,
D is orthogonal to heavy quark velocity v, and
is the gluon field strength tensor. In the limit m Q → ∞, only first term h(iv.D)h survives. This symmetry is broken by the higher order terms in this lagrangian involving terms of factor 1/m Q . The second term D 2 ⊥ is arising from the off shell residual momentum of the heavy quark in the non relativistic model and it represents the heavy quark kinetic energy [25] . This term breaks the flavor symmetry because of the explicit dependence on m Q , but does not break the spin symmetry of the HQET. The third term in the above equation i.e. gσ µν G µν represents the magnetic moment interaction coupling of the heavy quark spin to the gluon field. This term breaks both the flavor and spin symmetry. This term is also known as magnetic chromo-magnetic term. From equation 6, it is seen that heavy quark symmetry is the symmetry of lowest order of L Q,ef f , therefore the predictions from this heavy quark symmetry are model independent. We will not consider higher order corrections as we are interested only upto first order corrections in (1/m Q )expansion. Heavy quark symmetry is used to establish relations between hadron masses. At m Q order, all hadrons containing same Q are degenerate, i.e. have the same mass m Q [26] . At the order of unity, the 
At the 1/m Q order, there is an extra addition to the hadron masses resulting from the contribution coming from the expectation value of the 1/m Q correction to the Hamiltonian i.e. H 1 = −L 1 . Matrix element of two terms in equation 3, define two more non-perturbative parameters λ 1 and λ 2 defined as:
and
From these two non-perturbative parameters, λ 1 is independent of m Q and other parameter λ 2 depends on m Q through the logarithmic m Q dependence of α(µ) as:
Sine γ 0 h = h, the matrix element hσ µν G µν h reduces to the hσ.Bh , where B is the chromomagnetic field. The operator hσh represents the heavy quark spin and the matrix component of B in the heavy hadron represents the spin of the light degrees of freedom. So the contribution to mass from the third term i.e. the chromomagnetic operator contribution is proportional to S Q .S l . Thus the non-perturbative parameter of this term i.e. λ 2 transforms like S Q .S l under the spin symmetry.
Masses
The mass of the heavy-light hadron to the first order of 1/m Q in terms of these non-perturbative parameters can be represented as :
is the Clebsch factor. The two parameters λ 1 and λ 2 have the same value for all the hadrons with same spin-flavor multiplet. The values of these parameters is of the order of Λ 2 QCD . Since value of kinetic energy of the heavy quark is positive , the value of the parameter λ 1 should be negative. Λ is the HQET parameter whose value is some for all the particles in a spin-flavor multiplet. The value of Λ H for H field mesons is denoted by Λ S , for S fields by and for T field by Λ T and so on. Λ does not depend on the light quark flavor if there is SU (3) symmetry, but for the breaking of this symmetry Λ is different for strange and non-strange heavy -light mesons and is denoted by Λ s and Λ u,d respectively.
Sometimes mass is also written as:
Where ∆m 2 is related to the total spin J of the meson and is given by:
In these equations X is the hadron in any state, either in ground state(H) or in excited state(S) or (T), m Q is the mass of the heavy quark either c (charm) or b (bottom) making the hadron and J is the total spin of the meson and λ 1 , λ 2 are the two non perturbative QCD parameters. Λ and λ 1 can not be simply estimated by mass measurements on dimensional grounds. The parameter Λ gives the energy of the light degrees of freedom in the limit m Q → ∞. Neglecting SU (3) flavor symmetry breaking, mass relations for the lowest lying pseudoscalar and vector mesons of J P = 0 − and 1 − respectively i.e. for H fields, D and D * for Q = c and B and B * for Q = b mesons are parameterized as:
These equations for first orbitally excited state (l = 1) changes as shown below. Mass relations for spin S q = 1 2 i.e. for S field mesons are
Similarly for doublet (1 + , 2 + ) belonging to spin (S q = 3 2 ) i.e. for T fields, these relation changes as:
These formulas for the difference of spin averaged masses can be written as:
T )/8. Different parameters Λ, λ 1 and λ 2 appear for different fields. When SU(3) symmetry is breaking, these parameters are again different for light quarks u, d and s. Using the above relations and the heavy quark symmetry , some more relations can be written as [27] :
Masses of the heavy hadrons are used to calculate their properties like strong decays, radiative decays, magnetic moments etc. So masses can be justified if we know some of the above properties accurately. In our work, to justify the masses, we study their strong decay widths.
Strong Decays
Strong interactions are very important for the study of heavy hadrons containing one heavy and one light quark in the non-perturbative regime. Heavy meson decay to light pseudo-scalar meson depends on the initial mass of the heavy hadron and on the quantum numbers of the decaying resonance. Strong decays are calculated by approaching heavy meson doublet in effective fields and imposing the heavy quark spin and flavor symmetry on it [11] . Strong decay width formulae for l = 0, 1 states decaying to various states are as follow:
Γ(0
Γ(2
In the above expressions of decay widths, M i , M f stands for initial and final meson mass. All hadronic coupling constants are dependent on the radial quantum number, for n=1 they are notated as g HH , g SH etc, and for coupling between n=2 and n=1 they will be replaced by g 2 HH , g 2 SH etc and similarly for the coupling between initial and final states both belonging to n=2 , they are again replaced by g . Different values of C η corresponds to the initial state being cu, cd or cs respectively. 
Calculations
Calculations of this work are subdivided into two parts one in which we estimate the masses of the bottom mesons and the other in which the calculated masses are used to predict their strong decay widths. Decay widths in terms of the hadronic coupling constants are predicted by constraining the hadronic coupling constants to lie in the range 0-1. Mass relations given in equations 14-22 are used for n=2, charm and bottom mesons for J P (0 − , 1 − ), (0 + , 1 + ) and (1 + , 2 + ) doublets. These relations are used to fit the values of the parameters present in these equations (
. Due to the lack of experimental or theoretical information on these values for radial quantum number n=2, we choose to fit the
, rather than the separate parameters. As λ 2 parameter gives the mass difference between the same doublet , so it can be calculated easily once the masses are known. For this fitting, charm meson masses for n=2 and the heavy quark symmetry is used. Here heavy quark symmetry implies that the values of these parameters for charm mesons are same for the corresponding bottom mesons. Radial charm meson masses for J P (0 − , 1 − ) doublet are experimentally available as [28] D = 2550 MeV and D * = 2600 MeV. Masses for two doublets of l=1 (p-wave) are not known experimentally, but are theoretically predicted by some models [29, 30] . Using the experimental masses of J P (0 − , 1 − ) doublet and taking range of P wave masses as estimated by the models, we fitted the values of the differences of the parameters as Table 2 .
Masses of n=2 Bottom Mesons
Non-Strange Strange Calculated [29] [ 
Our calculated masses, are now justified by calculating the strong decay width for J P (0 − , 1 − ), (0 + , 1 + ) and (1 + , 2 + ) doublets of bottom meson. Initial masses of these states are taken from our calculated values mentioned in Table 2 , and the masses of rest of the particles are taken from Ref. [5, 29] . Decay channels along with their decay widths are presented in Table 3 and in Table 4 , for calculated bottom mesons without and with strangness. Column 3 of these Tables shows the possible decay channels , whose widths are shown in column 4. In Column 5, we calculated the total width after using the available values of hadronic couplings constants in literature [31, 32] . 
to attain the masses for the bottom states. For some best fitted values of these differences, our predicted masses are comparable with other theoretical models. Masses calculated in our frame work are about 50 MeV large than the masses obtained from Ref. [29] and about 126 MeV large than the values predicted by Ref. [30] . This difference between the masses, can be reduced by getting a clear information on the unknown parameters. We assume that values of the differences of these non-perturbative parameters for n=2 are comparable with their differences for n=1 states, which is based on that, the difference of these parameters is independent of the radial number, so that, they can be used in future to predict the masses of heavy-light mesons for n=3 quantum number.
Along with the mass prediction, we studied the OZI allowed two body strong decay to light pseudo-scalar mesons (π, η, K). Column 4 of Table 3 and Table 4 shows the contribution of various possible decay channels to the total decay width in terms of the various hadronic coupling constants. As the experimental information about these hadronic couplings is very limited, so we used the available theoretical values like g 2 HH =0.28 [32] , g 2 SH =0.1 [31] and g 2 T H =0.18 [32] , and calculated the total decay width of these radially excited states in column 5 of these Tables. Γ(0 − ) and Γ(1 − ) without strangeness comes out to be 189 MeV and 222 MeV respectively, and for their strange partners decay widths comes out to be 194MeV and 239 MeV respectively.
As it can be seen from the column 5 of these Tables, that the contribution to the total decay width from the decays to X and Y fields is very small, so even if we vary the values of these couplings g 2 SX , g 2 SY , g 2 T X and g 2 T Y from 0 to 1, the total decay width would not effect the result much. We are still left with two more higher hadronic couplings g 2 SH and g 2 T H . As there is no experimental information for the decays of these bottom states, the values of these couplings from 0-1 would effect the total decay width to a greater extent. To give some insight to these higher order couplings, we studied the decay widths for higher charm meson states. As the states D s (3040) and D(3000)and D*(3000) are expected to fit in 2P charm spectra, so using their experimental decay widths, we can constrain their couplings to be approximately g 2 SH =0.1 and g 2 T H =0.3 for the hadronic coupling g 2 SH =0.14 and g 2 T H = 0.12 unlike before. So using g 2 SH =0.1, g 2 T H =0.3, g 2 SH =0.14 and g 2 T H = 0.12, we calculated the total decay width of the n=2 S and P wave bottom states, which are shown in Table 5 . Column 3 of Table 5 shows that the total decay width deviation for strange states is small due to the hadronic coupling g SX , g SY ,g T X and g T Y .
The decay width of T-wave states B 2 ) = 128M eV , Γ(B ′ s1 ) = 37M eV and Γ(B * s2 ) = 156M eV respectively as calculated in our framework. These decay widths for non-strange and strange bottom mesons are a kind of motivation for the theorists and experimentalists to look for them with their proper J P states to have a clear idea. Table 5 : Theoretically predicted decay width of n=2 bottom meson masses. Column 2 and 3 represents the non-strange and strange bottom meson decay widths calculated by us.
